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(54) Titie: SPUTTERING TARGET 

(57) Abstract ^ 

Improved targets for use in DC_magnctron sputter- 
ing of aluminum or like metals are disclosed for forming 
metallization films having low defect densities. Meth- 
ods for manufacturing and using such targets arc also dis- 
closed. Conductivity anomalies such as those composed 
of mcial oxide inclusions can induce arcing between the 
target surface and the plasma. The arcing can lead to 
production of excessive deposition material in the fortn 
of splats of blobs. Reducing the content of conductivity 
anomalies and strengthening the lo-bc-deposiied material 
is seen to reduce pnxJuction so such splats or Wobs. Other 
splat iimiling steps include smooth finishing of the target 
surfacc'^and low-stress ramp up of the plasma. 
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SPUTTERING TARGET 



1 v^^ld t-hP. TnventiQn 

The invention relates generally to physical- vapbr. 
deposition (PVD) of metal : films. The invention i^l at e^ 
more specif ically , to DC magnetron -sputtering ^p^^met^aXs 
such as /aluminum MAI) or aluminum, alloy^^^^ 
semiconductor substrates and the liketor forming fine 
pitch metallization such as the electri^cally- conduct iye 
interconnect layers of modern, integrated curt ^ 



"10 



15 



The following U.S. patent (a) is/ai^e^^ign^^^ 
assignee of ' '^e, present applicatlonv ' ^nd .; its/th^^^^ 
disclosures is/^re Incorporated herein by reference: 

(A) Pat iSo. 5.242:566 issued. S^tv Jv. ; 1?9 3 to ^ . 

Parker; and ;;M_ -.. / v, , ..-y- 

{ B ) Pat . NO . 5.320. 728 issued Jiihe ,14 ,1994 to A .■ 

Tepman . ' . . ^ : 



SNSDCXlb: <WO 9927150A1_IA> 



WO99/27,50:^:,.^. PCT/US98/22771 



V 1 Dgc^rriptiion of the Related Art 

The electrically- conductive interconnect layers of 
modern integrated circuits (IC) are generally of very 
f ine pi tch (e -g . > 10 microns or less) and high density 
5 ( e . g V • hundreds of ^1 ihes per square mil 1 imeter ) , v . , 

V A single/ small defect in t he p r e cu r s o r metal film 
that ultimately forms a m^ 

an IC can be so positioned as to seriously damage the 
operational integrity : of the . IC. As such it is 
10 dcsi rable to form metal films with no de f e c t s or as few, 

■ } - minimal ly sized, defects as possible > --.•;;"^_.-^,/: 

: . The metal , films of ; integrated circuits are 
typically formed by physical vapor deposition .( PVD). 
One low cost approach uses a DC magnetron apparatus such 
15 , ^ as the Endura';*^ sys tern available f rom Appl ied Materials 
1 nc . ot Calif ornia for sputtering aluminum (Al) or 
:\ aluminum alloys onto semiconductor wafers . 

Although such DC_magnetron PVD systems generally 
produce high quality metar^ with relatively low 

20 defect densities, heretofore unexplained 'blobs * of 

ext ra material a re occasionally observed in the 
■ . deposited metal ^ ; T^ blobs can interfere; with device 
. ; ; f ormat ion; ahd disadyantageousiy reduced m^ production 
y i el d.'/o,f'^ -.operable'! ^deviceis . 
25 The present inventors have isolated such blobs in 

DC^magnetrpn-forrned aluminum films/ h analyzed the 
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composition and physical structures of such blobs, and 
have developed methods for minimizing the forination of 
such undesirable blobs. 

SUMMARY OF THE INVKN-rtON / ^ ^ ^ ^ 

5 The above-mentioned problems are overcbme in 

accordance with the invention by providing an imiproved 
target for use in magnetron sputtering of aluminuin, or 
of aluminum alloys or of like metals where the formed 
[■^ metal films having low defect densities. 

10 " It has been determined that the micrpsdopic make / 

up of the target in a bc_maghetron PVD system plays an ' 
' integral role in the mechanisms that lead to blob ^^^^^^ 

■. formation- ^. ' 

More particularly / nonhomogeneous structures within 
15 the target such as dielectric inclusions/ (e/g^^^^ ^A^ 

precipitates) and nonconductive voids (e.g. , formed By : 
trapped ga:s bubbles) , when expgsed as part of v th^^ 
surface, are believed to create corresponding 
distortions in the electric fields vthat surround the 
20 target surface during the sputtering process. It is - 

believed that large-enough distortions can evolve in 
points of field breakdown through which arcs of high 
current flow between the plasma and this target/ 
arcing currents can result in localized melting of the 
25 target material and in the production of relatively ; 

large blobs of liquid material that splatter "onto the; - 
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" ' ' -'^^^ ' ^ . - 

; wafer surfaceO- The, spla 

>^ ba.Gk . together ; on vcontacr';^^^ surface , . due to 

: surface htension^. e ^ and^^^^^^ 

: undesirable .vblob 
5 > . In accordaLnce 

^Z targets^areimanufacturied^^^ 

> numbers of diei;ectric . ^ i^^ 

predipitate:s) and nonconducti^^ by 

trapped;^'hydr^ ■f:9^i-^^f:;^■:V -v,:-. /^i^'v' 

IQ^^^v^^^^ ; Blob format ion is additi^ ^^^i t 

to s tress- induced breakdown of the target material when 
\ the sputtering plasma is struck. The electric fields 

1: and ^current s i which:^,^^^ d^ neair -; the ,.sur f ace ^ o . 

15 mechanical; stresses ■ within r the > 

; : the / target ;1^ material is believed to; b^^ 

.-;>^'' ■;^;sOUrce-;Ofr;'-blpb;^^^^ -/^^'^-''^^/^^'Z-y^^^ 

; X -a seconcJ aspect of ; the 

20 vV invention,, •. target manufactured ; 

homogeneously maximize the strength of the target 
. material and; thereby inhibit blob generation .due to 

, v^;: ..>: /-localized; .mechanica.1' b - r^l^-^^ r/--v. ' ■ 

'a\: : target ^ in - a.ccordance .yw^ the ; ^invention 

25 > essentially ^excludes dielectric inclusions such. as metal 

; oxides :;.r (Al203) ;:;; 

precipitates/ of sizes larger than about 1 micron in 
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• - ' ■ ■ •. : \ ■ ■ : ■ " ' ^ . V ' ' .. ■ " ' 

concentrations greater than 5,000 such inclusions per 
grain of target material • A target in accordance with the 
invention alternatively or further essentially excludes 
voids such as those caused by entrapped gas of sizes 
5 - larger than about 1 micron in concentrations greater/ 
than 5,000 such voids per gram of target material. A 
; target in accordance with the invention alternatively or 
further has an essentially homogeneous distribution of 
metal grain size in the range of about 75 ihierori and 
10 ■ 90 micron, A target in accordance with the : invention 
alternatively or further has an initial surface 
roughness of less than about 20 microinches . \ ^ ^ * 

A DC_magnetron PVD syistem in accordance with the 
' invention comprises a target having one pr more of the: 
15 following characteristics: (a) essentially no dieiectric 

inclusions such as metal oxides (AI2O3)/ hitricie 
precipitates, carbide precipitates, of sizes larger ttian 
about 1 micron in concentrations greater than 5,000 sd1:h 
inclusions per gram of target material; (b) essentially 
20 no voids such as those caused by entrapped gas of sizes 

larger than about 1 micron in concentrations greater 
than 5,000 such voids per gram of target material; (c) 
an essentially homogeneous distribution of rhetal grain 
size in the range of about 75 micron and 90 micron; and 
25 (d) 'an initial surface roughness of v less than about 

20 microinches. - A DC_magnetron PVD system in accordance 
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■ ■ . . ■■ ■ . - ■ ■ ■ . ;/-;vv.'-'/ ■-.-s- ..." .■ ■: ' v-,./;-; ■ 

. withVthe- invention:^^ 
plasma power at ; a rate of 2Kw per second or less. 

A target manufacturing method in accordance with 
the vihvention comprises one or more of the following 
5 . steps of : (a) : obtaining j purif ied aluminum having lesis 
than abp ppm 
oxygen ; (b) casting i the v purified aluminum using a 
continuous- flpw casting method wherein the melt skin is 
notlexposed to an oxidizing atmosphere; (c) working the 
10 . cast metal so asf to produce an essentially homogeneous^ 
distribution of metal grains of diameters less than or 
■ ■ : :equal t 100^ and second phase preicipi bates of diameters 

in the range' of about 1 to l6|i arid more tha.n about ^50% 
material having <200> texture ; / (d) smoothing rhe i 
15 target surf ace to an average roughness of no more than 

about 2 0 microinches ; (e) using ultrasonic cleaning to : 
remove arc -inducing contaminants from the initial: target 
surface; and (f) shipping the dleaned target in an inert 
/^gas.;'pack; > ' -1- ^--^ ^ 

20 ^ A method for operating a DC_magnetron PVD system in 

accordance with the invention comprises the steps of : 
(a) installing a new; target having one or more of the 
following characteristics: (a) essentially no dielectric 
.inclusions such as metal oxides (AI2O3) , nitride 
25 preci^^ precipitates/ of sizes ISrg'er than 

about 1 micron in concentrations greater than 5,000 such 
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; .inclusions per gram of target material ; (b) essentiaily 
no voids such as those caused by entrapped gas :of sizes 
larger than about 1 micron in concentrations greater 
than 5,000 such voids per gram of target material >. 
5 an essentially homogeneous distribution of -jmetai grain 

size in the orange .of about 75 micron and 90 microh; and 
(d) . an initial surface roughness of less than about 
20 microinches , A DC_magnetron PVD operating ihethofl in 
accordance with the invention further comprises ramping 
10 - ; : plasma, power at a rate of no more than 2Kw per second oir 
./V .' :less . ; . ' . ' . . ■ ■. 

Other. aspects of the invention will become afipareht 
from the below detailed description. ^ 

BRIEF DESCRIPTION OF THF: nPftWTNfqc^ 
15 The below detailed description makes referehce to 

the accompanying drawings / in which 

FIGURE 1 is a schematic diagram of a DC sputtering 
magnetron; . * . ; ^ ./ 

FIGURE 2 is a micrograph showing a cross sectional 
side view of an isolated •splat' or 'blob' within the 
interconnect structure of an integrated circuit ; 

FIGURE 3 is a flow chart showing steps taken in the 
manufacture and subsequent use of a target/ including, 
improvement steps in accordance with the invention ; ; 



20 
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" FIGURES 4A and;^ 

views of simple casting .process and the resultant 

product for purpose of explanatio v ■ 

; : FIGTO is a plot showing average; splats number 
5 per wafer oyer s:ainpled groupir^ 

every 200 JCw hours a j^ssuriple target: ..in^x^ ,wi th_^ 

' ;t:he^vinvention.;;■■^^^ . .;y'V^>:v-rV-'-r 

■ DETATLED DESCRIPTION V.^:--.,-::; - •-t-^'^^V- 

Fig . 1 shows a schematic diagram of/ ja^ DC sputt er ingf- 
10 ; : - magne^^ ( A magnet ,110 is positioned over 

:w ; ^ target ,120 • ; , : The targets: a 

deppsitioh-producing . portion that ; is .electrically 
'conduct ive^: a composed .of the to-be- sputtered 

ma terial . Xe . gv , a met aH such as aluminum) V^ . Target 
15 ; X is ! typically : of a symmetrical^ form such ; as, a circular 
disk:, but may ha bends pr;^ other ^features such 
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. ■ ' ■■■as';:, shown for adoptively fitting- into a: specific 
DC_maghetron PVD ; system athd Xor^ producing 
distributions of electrical field intensity arid ga^^^^ 
in accordance with design specifics of th^ receiving 
5 ' DCjmacjnetron PVD system. The target 120 is ti^pically 
structured : for ; removable insertion -/iritc!) the- 
corresppriding DC_magnetron PVd; system 100 . ;Target^^^ 
periodically replaced with a new targets given that the 
PVD process erodes away the to-be - deposited mater^^ 
liO ■ t:arget V' A' --'"-^ ':-■'-■¥■■' ■ '"'^i'--'-- ^'V--'-?-- :'']^.'^-' - -) 

^ - A switching 'means 125 mayV: be v p^pvid^d f or 

- ' selectively connecting the target 120 to aprel 

negat ive voltage source 127 . In gerieralv the riegat ive 
voltage isouirce 12 7 provides a DC cathode :yqitage fin Ehe 
15 range of about -470V tb '- 530V relative to the. potent i 

on an opposed/ anode (ground or G^^i) in %the^^ 
example) , The specific cathode voltage variesT- accorc^ 
to design. When switching :.ihearis 12:5 ia clp 
connect the target 120 with negative^/ voltage source- 127,:* 
20 the target can act as a source of negatiyely icha^ 

particles such ais 135 (e') and 138 (Al' ) which are 
discussed below. Because of this the target is also 
referred to as the cathode. " ^ 

; A tubular gas - containment shield .130 ; r: U 
25 cylindrical shape, is provided below arid ispaced a 

from the target .120. Shield 13 0 is electrically 
conductive and, is generally coupled to ground (GND) or 
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t to another, relatively positive reference voltage so as 
to define an electrical field between th^ 120 and 

the shield. Shield 130 has a plurality:>bf apertures 132 
defined throu gh it for admitting a sup plied flow of gas 
5 131 such as argon; (Ar) from the exterior of the shield 

; - -r' r[ : 1 3 0 ,int o ' ;i t s';! n t e r ior..' , -.i.- '^..w^ v.-;:..-.-;- . ; 

A workpiece - supporting chuck V 140 is ; further 
provided centrally below and spaced ^ apart from the 
target 120 , usually within the interior of the shield 
10 13 0 • Chuck 140 is electrically conductive and is 

generally also coupled to ground (GND) or to another x 
relatively positive reference voltage so as^ to define a 
; , further electrical f ield between the target 120 and the 

---V^ chuck -^V.^-.^-y/V --^/V" :;^;v-;;.';^' v^;': : ■"■ ■ / '.v",. -X^ ^ .- r'^-.."- 

15 : : A replaceable workpiece: 150 such as a semiconductor 

wafer is supported on the chuck centrally below the 
target 120 . Workpiece 150 originally consists of a 
• substrate 152 having an exposed top surf ace 152a . As 

: . : V^vp sputtering, proceeds, a:metai ;f ilm 155 having a top ■ 
: 20 : ■ surface 1 55a bu i Ids : up on the substrate . 152 . It is 
desirable that the build up or deposition of the metal 
film 155 be uniform across the entire top surface 152a 
■ of i the substrate, butj^s e^ herein, anomalies 

^ A sometimes interfere !with homogeneous deposit ion. ^^^^ 
^ 25 ^ ^ : r , . Workpiece substrate: 152- may; include an insula tive^ 
. layer composed for example 'of Si02: In s^ch cases, the 
metal :filmVl55 , may: be electrically insulated from chuck 



r ' ' ^ ' ' '■ . . ■ /■ ^' ' ' " ■ ■ v.; 

- 0:40 and the voltage of the metal film 155 will .float •to 
V f - a slightly negative level relative to tiie Uchuck^^^ 
^ voltage {e:g J; GND) . ^ - V :^ 

DCjmsLgn^^ initiates as follows/; When 

5 - switching means 125 is closed fields 
are produced between the target 120, and the shield 130 
and the chuck 140 . Plasnia igniting^^^g is introduced. 
The illustrated assembly of ^ ^ is usually housed in 

- - a low pressure chamber 105 (partially shown) that 
J^io ^ Mai X Tit a ins in the range of about 2 

— to 5 torx lower, SoiTie of the supplied gas 131 that 
^ enters the interior of -shieid 130 r disassociates fihto" 

: positively charged ions (Ar'*^) and negatively cha^ 
idns (Ar") when subjeicted to the initial electric 
is fields: One so-generated positive ion is; &^ a.t 133, 

Due to electros; tat ic attraction, ion : 133 |Ar*) 
accelerates towards and collides with the bptt:om surf ace 
' of the target at first collision point , say 134 ;;;T^^ 
point of collision is denoted with - ah asterisk , (":*"). 
20 This initial collision induces eimiss of ahi isledtron 

(e") 135 from cathodis 120. (A particle of target 
material (Al) may also be dislodged by collision 134 : ) 
The emitted electron 135 drifts down towards the more 
positive chut:k 140: Viowevef, the magnetic fields of 
25 magnet '110 give electron 135 a spiiraiing trajectpry as 

* indicated at 136, Eventually electron 135 cbilides with 
a molecule of the inflowing gas 131 (e.g./ Ar2) . 'This 
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second collision (*) produces another: positively charged 
ion 137 ■ (Ar^) which accelerates , towards .and collides 
with the bottom surface of the target .^^^^^ T^ third 
collision produces yet another electlrpn l and a 

5 chain reaction is established 1 creation of 

• a sustained plasma 1 
containment shield 130 . j Plasma; 160 is charged positive 
relative to the cathode 120 and begins to act like a 
f Ipa t ing anode • This_ changes the electric field- 

10 : distribution within the DC^^i^ PVD system. 100. ; At 

some point : the electric f ield distribution vstabilizes 

; into a long term steady state. : :^^V":'V^;. ;.;:v,.;: . . ■ 

The; ballistic collisions of massive particlesysuch 
as 137 { Ar^ ) with the bottom /surf ace of the, target 120 

15 sometimes cause small, particles of the target.' s -m^ 

to break off and move toward the underlying workpiece 
150 . All example of ; such an emitted target particle is 
shown at 138 . The sizes and 4irections:,pf th^^ emitted 
target particles tend to produce a relatiyely uniform 

20 deposition of the emitted material ; C aluminum); on 

the top surface (152a and later 155a) of th^^ workpiece 

■ 15 0 ; ■ ■ ■ ^ - ■ -v,-'; 'v--' ' ' 

On occasion /v^ however, as explained above, the 
. jdeposiition ;is that blobs or. /splats' 

25 ; appear ;on or .within^ t^^^ deposited metal .f ilm .155 . Some 
V of the splatsi, can have v diameters \- as , large as 500 
microns , , which . is qui te ^ large Vin. . a world where 
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: ' operational 'features of ^ the ; affected ^ devxce have 
; - dimensions pf\' 1 micron or less/ Such: splats are 
"'undesirable/ \ ;V / • 

; Fig . 2 iis a micrograph takeri wit 
5 V beam (FIB) microscope at a magriif ication suf f icierit : to 
^ show an anomalous section of a i micron -tThick aluminum 

' linev -The milcrogrsiph shbws a cross sectibhal side view 

of an isblated 'splat' or 'bibb* within the interconnect 
structure of ah integrated circuit ^ The splat diameter 
10 is approximately^^ 5^^^^ the splat height is 

roughly l/s microns. ; in thrs particular caise/' the 
deposited metal f ilm (155); is an alloy of aluminum^ a 
copper (AlCu) : The •splatf' is given its nhsiine becausfe of 
the appearance that something had splattered onto Ithe 
15 otherwise planar, PVD depoisited metal film. 

In the captiared splat' oE Fig. 2, an inclusio 
having a diameter of roughly 0.3 micron is seen within 
the body of : the splat. ; ' Incliisions are not routiheiy 
pbiscrved in every splat . V Inclusions buch as^^^^^^^t^ one 
20 shown in Fig. 2 were isolated and analyzed chemically. 

The analysis showed that such inclusions were composed 

priruirily of the oxide, AljOj. 
' ' ■ ; Th^" pre^ inventors deduced that // the AI2O2 

I ivc 1 u a X on had" come f rom the spec i f i c t a rge t ( 120 ) used 
215 in the PVD sputtering process, given that" 'the feed gas 

consioted of relatively pure Ar, and the substrate had 
been cleaned/ ' and there . was hothingr/ else in the 
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DC_magnetron PVD .system that, c a source of 

The present inventors further; deduc that the 
Al 2C)3 inclusion was a causal factor in the generation of 



5 the observed splat even though the^^^^ splat is - further 

^^^^^^^^^ d ,by an : excessive .aincaint iof . AlC^^ 

have splattered onto; the forming metal film during the 

;■;>■,:, ; .PVD-'process . '■^'■■7'^-'r^''<^^^^ 

Further questions remained, however 
10 specific me chan i sm t ha t made the AI2O3 inclusion a 

causal: factor in t generation of the observed splat? 
> V splats not include such: Al^O^^ inclusionsiT^^v^^ 

It is v believed that the ^.correct - answer lies r in 
understanding^ .how;; :elec 
15 within the DC^magnetron system 100 (Fig . 1) after plasma 

VI 60 reaches^ ? steady^- s how. this >^ 

:s tabili ty canj.b ;-v_:y; 

Referring to Fig . 1 , as the plasma 160 reaches 
; Steady s tate stab i 1 ity , v there devel ops be tween the 
20 bottom surf ace •120a of the ; target and a top boundary 

160a of the plasma, an area that is essentially free of 
electrons or other charged particles . Thi s charge -free 
; V region is referred to in the literature as the 'dark 
; space V ; or the 'dead ■ space' .; ■ Its extent is referenced in 
25 Fig . / 1 as 170 ( not to scale ) . Z;/;/-: • . ^ . 

' A relatively large ; vol tage differential ; develops 

between the top 120a and bottom 160a of the dark space 
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170. Target-emitted electrons such as 135 are belieyed 
to tunnel rather than to drift through the dark space 
170 and to thereby maintain the relatively large.yoltage 
differential between the top and bottom of the dark 
. 5 space 170. 

A relatively homogenous distribut 
field intensity is generally needed a:iong ! planes iGOa 
and 120a to maintain the continuity of the dark space 
170. (Lower plane 160a is referred to as a virtual 
lb anode surface. ) ■ 

It is believed that pinhole -like breaches in the 
continuity of the dark space 170 occur from time to 
time. A breach may occur because of a localized 
increase "in electric field intensity. fhe latter causal 

15 effect may come about because a discontinuity develops 

in the localized conductivity of one or both of the 
cathode surf ace 120a or virtual anode surface 160a. If 
the size of the breach is significantV a sudden rush of 
charged particles may pass through the breaching 

20 pinhole, from the plasma 160 into the target 12 0. In 

essence, an arc of current of relatively large 
magnitude, can pass between the plasma 160 and the 
target 120 at the point of breach of the dark space 170. 
If a sufficiently large arc is produced, a 

25 significant amount of heat may be generated at or around 

the arc- struck point of the target's surface 120a. 
Localized temperature may rise sufficiently to melt an 
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area, about t:he .arc - struck^^^ point . c.v The molten target 
rnaterial can separate from the ^target and become drawn 
to the^ chuck /140^, V the 

molten target material hits the top s 155a of the 

5 workpiece, it splatters, cools , and; adheres tp thie top 

: ] ■ surface'; 155a^' as ';^an 'anomaly-. ^"'U' ■']■■'■':■--'' 
■ ; Computer simulations have^^^s^ /dropping a 

glob of molten metal onto a planar, solid meta:i surf ace 
produces a dome -shaped blob of mater^ having ripples 
10 of the type seen in ; the • splat y of Fig the planar 

..'s.u rfacc. Re - c o n s ol i da t i on of the s pi a 1 1 e r ed material 
occurs due to surf ace tension and cooling of the 
splattered blob. The blob of anomalous . mater i 
con sol Ida tes and solidif ies into the rippled 
15 shapod f orm. This supports the present inventors v 

hj-pothcsis that some splats are produced by a melting of 

The present inventors ^ s^uspect ' 
melting is not . the only / mechanism ^ ^ by ^^^^^.w 

20 nonhonogeneous^^ d target rnaterial 

occurs onto the workpiece surface 155a. PkXi arc-struck 
part of the target 's surf ace 120a might be mechanically 
weak. vThe shpck or resultant tiherrnal stress^^^^ 
current arc may dislodge the, mechanically weak part from 

2 5 ; : ^9 ^ ' s surf ace . . The dislodged b^^ necessar i ly 

molten material can then be drawn to the workpiece top 
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surface 155a to form "a nonhomogeneous , excessive 
deposition at the point of landing,' 7 ; ^ 

-'^■'^2^3 •^^^'^pl^sions aire electrica^ 
of high electrical resistance; and as such they define 
5 discontinuities in the voltage distributing or 

conductive properties of the target's bottom surface 
- 120a. Internal AI2O3 inclusions within the target 

become part of the target's surface as the surface 120a 
is eroded away by ion bombardment to expose the 

10 previously internal ' inclusions . 

- TUDrupt changes in the localized intensity of 
electric fields neighboring the bottom surface 120a of; 
the - target can develop when sufficiently large AI2O3 
inclusions/ or other forms of disruption in the. 

15 electrical conductivity properties of the Itar^et's 

bottom surface 12Ga become exposed . This can lead to 
beach of the dark space 170, arcing, and the productioh 
of molten blobs : or mechanically- dislodged anomalies , in 
general, such regions of disruption in the electrical 

20 conductivity properties of the target ' s bottom surface 

12ba are referred to herein as conductivity anomalies . 
A conductivity anomaly of relatively high electrical 
resistance is defined as a region having a^ resistivity 
at least 100 times greater than a corresponding 

25 "electrical resistivity of an ' anomaly - free representative 

portion of the to-be-deposited metal. 
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In view of the above, and in accordance with one 
aspect of the invention, it is desirable to 
numbers and sizes of conductivity anomalies within the 
to-be-deposited material of the target 120. Aside from 
5 oxides such as Al202# conductivity anomalies can include 

nitride precipitates / carbide precipitates , , contaminants 
that produce cathodic vapor bursts, and vol^ in the ; 
metal, where the latter voids may be originally defined 
by - trapped 'gas -bubbles . ' " '- -v.-^-. / . 

10 it is to be understood that when the composition or 

other characteristics of the ' target* is discussed 
herein, that discussion is primarily directed to 
portions of the target that are bombarded by plasma- 
produced ions and are possibly subjected to being struck.. 

15 by arcs and as a result producing anomalous depositions. 

Targets in general^ may have additional portions that are 
adapted for replkceable receipt into and/or electrical 
coupling .with the remainder ^ of the DC_magnetron PVD 
system. Those additional portions may not require . 

20 special cpmpositioning or structuring in accordance with 

the present invention in instances where those 
additional p>ortions are not bombarded by plasma -produced 

.. ions , \ ..[■■' ' • ''"■" *■■ { '■■'"■'''. r \ ■ .; ." ' 

In accordance with another aspect of the invention, 
25 it is desirable to maximize the microhardness (and 

thereby the micro- strength) of the target material so " 
that arc- struck parts of the target are prevented from 
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being so mechanicaily weak as to allow arc- indueed 
dislodging of such target parts. 

Disruptions in the uniformity of electric field 
intensity about the bottom surface 120a pf the target 
S can also come about due to excessive roughness in the 

initial form of that bottom surface 120a. 

In accordance with yet another aspect of the 
invention, it is desirable to minimize the roughness of 
the initial bottom surface 120a of the target so as to 
) inhibit disruptions in the uniformity of electric field 

intensity "about the dark space 170. 

Disruptions in the uniformity of electric field 
intensity about the bottom* surface 120a of the target 
can also come about due to excessive dirt being left on 

> the initial form of that bottom surface 120a when the 
target is first used (burnt in). The dirt can induce 
arcing. The latter can produce pits or other unevenness - 
in the target surf ace which, then produces yet more 
arcin«g. . 

> accordance with yet a further aspect of the 
invention/ it is desirable to minimize dirt on the 
initial bottom surface 120a of the target so as to 
inhibit dirt -induced arcing. 

An aluminum target in accordance with the; invention : 
25 has one or preferably more of the following homogenous 

characteristics of Table 1: 
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Table I'^f ; : 





PROPERTY ■ ' 


PREFERRED RANGE / 


5 ■ . ■ , 


D i e 1 e c t IT i c I n c 1 u s i on ^ ' 
Cbhteriti where such 
,i n c 1 u s i p n s hay e ■ widths . 0 f 
jo . 3 ;microri^or more^ i : V _ - 


1 t*hian ' ;»V^r«lt- 
'. w 0 w„ : lull dJU Wwi ' ■ . - * - 

5000 inclusions per gram 
of target material 




Hy d r og e n 'con tent 


less than about 0 . 5 ppm 




carDon cpncenc 


. 1 e s s : t ha n. , . abou t io„„ppm .. „ „ 






less ;Cnan aoout- 10 ppm 




Nitrogen content ^ 


less than about 1 0 ppm - 




Metal grain size 


less than about 100 
micron ^ 




(200) textured material 


greater than 50% 




(111) textured material 


less t han a bou t 3% - 




Hardness • 


Grreater than about 
50 (Rockwell scale) 


'.15 . 


Surface roughness 


less than abpu t 2 0 .micro - 
inches \ •• •• 




addend ^ - 


greacer. cnan aoouc .U;.b^. 
Cu by weight ' 




Alloy precipitate size ' 


abou t 5 microns or less 




Other impurities 


less than about 10 ppm 


20 ■ ' 


Looser : requ i rement s v 


can also be • acJapted for 



Table 1 . For example : the number of allowed inclusions . 
'■■'■■ 'Z per gram ; pf ; target material can be widened to 7 /500 'or •'. : \^ 
10/000; the definition of tb-be- limited inclusions can - 
- be broadened ' to those having have widths of about 
2 5 1 micron or more; and the allowed hydrogen content can 

■ > be : Ipbsened t o less than a b out 1 p pm ( pa r t s p e r 

mil 1 ion) ,/ -^'.y ^''^^..'.'-'^ ;v' ' • '""j,''^'''- ' ' ' " / v> : ■ ' j V" ' ' r " ■ • 

Another /more ' stringently- cpnt roiled / aluminum 
target in accorda or 
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preferably more of the following characteristics of 

■ \ -Table'. 2 V .;' ;. ^ ^ '/^ - " ^ 



TaDJ 


Le 2 — 


\PROF>ERTY 


PREFERRED RANGE 


Dielectric. Inclusion 
Content, where such 
inclusions have widths of 
-0 . 1 micron or more 


less than about 

5000 inclusions per gram 

o f t a roe t ma t e r i a 1 - ' ^ ' 


Hydrogen content 


less than about 0 . 075 ppm 


Carbon content 


less than about 5 ppm ; 


Oxygen content 


less than about , 10 ppiri- 


Nitrogen content 


less than about 7 ppm - 


Metal, grain size ^ 


between about 75 ihicron 
and 90 micron 


(200) textured material 


greater tha^i 75V ;: v : 


(111) textured material 


less than about: 1% 




greacer cnan aoouc .^.^ 
50 (Rockwell scale): ^ ^: 


Surface roughness 


less than about ^1 6 micro 

inches"^ \ " : / 


Al loy strengthening 
addend 


about 0 . 5 % Cu /by weight T 


Alloy precipitate size 


less thain aibout ■ 4 micrdns 


Other impurities 


l^ss thail about 5 ppm r 



Even tighter requirements cah^:also be adapted :fc)r 
Table 2. For example : . the number oiE allowed /inclus i oris"; 
per gram of target material can be narrowed to 3,000 or 
25 1,000; the,. definitidn^of to-be-limited inclusion can be 

tightened to include those having have wid^^^ 
0.5 micron or more; the allowed hydrogen content can be 
tightened to less than about 0.0^5 ppm : (parts per 
million), the allowed initial, surf ace roughness can 
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reduced to IQ^^^^ the ^required 

\ aimount of <2 00 > texture raised to 90% or 

mor^, ^ ■ ^'^ '■'.. 

Ref erring to Fig / 3 , the 
5 which targets with the invention can be 

.v.--'; real izedv^are^Jdiscusse^ 

: , Fig , ;; 3 ^ts a' flow chart showing steps taken in the 
manufacture arid subsec[uent use of a target in accordance 
with the invention. The overall 
io' v;^'., process', is- xef eirenced :as".^^ 300 .v V. , '^Z- rs- '-^ 
At step 3 01/ the raw materials that will form the 
^ target are- acquired through miriing^ It 
: is : desirabl^ / to ' acquire: the y raw materials from 
appropriate sources so that the acquired raW. materials 
15 . have: minimal amounts of initial impurities , particularly, 
oxygen (O) , hydrogen ( H ) , nit rogen ( N ) y carbon (C) / and 
silicon (Si) vi ' 

Minimizing initial O - content is ; especially 
/desirable because such oxygen content can lead to later 
2 0 ,f 6 r ma t ion ; p f / u nd e s i r ab 1 e met a 1 ox i d ^ s such as AI2O3 

inclusions . Minimizing N and C content is less but 
s till desirabl e because the inclusion of sigh 
V ; amounts of these elements/ can lead to later forr^ of 

undesirable insulative inclusions composed of metal 
25 ; : ; nit rides . and/or : metal - carbides . - Silicon can combine 
with any of 0/ N; and C to :f orm dielectric V inclusions , 
and as such its content should also be minimized. 
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Hydrogen can form hyd bubbles that become t'rap^e<3 

within the alloy melt .during casting (see : step:"303 
described below) . • ; 

Improvement step 321 (minimizing initial 
5 impurities) can be carried out by selecting a mine or 

other source xDf raw materials that m^ the criteria 
discussed above or by using a supplier further on the 
vertical production chain that uses products of raw{ 
materials obtained in this way. 
10 At step 302/ the acquired raw materials are- 

purified to produce an initial form of the target metal. 
The target metal can be aluminum or an alloy thereof 



^ r: ^ 



such as Al^CUySi^. where x+y+z=roo% arid x >> y + zl 



Sortie purificatipn methods tend to generate mbare 
15 xnsulative or high resistance : anomalies than others . 

Improvement step, 322 is to select a purification metihod 
that minimizes generation ' of insulat ive or ^ ; 
resistance anomalies. Th,e Hall-BaYert aluminum 

purification method is one example of such ah inclusions 
20 minimizing process. The supplier of the purified target 

metal should be selected according to whether they use:, 
or instructed to use/ a purification method th^ 
minimizes generation of insulative or high resistance 
■ 'inclusions • \ " "'■r=''-v :- 

25 Examples of purified metals that conform with the 

abov^ include/ but are not limited to high quality. 
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aluminum, available from Pechineg^^^^^^^ Sumimoto 




Inc.. ■ of :. Japan. • - ^'- ' -.^ ■ 's./.^ .,.•■:"> . :.^-^v'..'-' - : 




At step 303 / the purified materials are m and 




cast/ typically in a casting, crucible. 




5 Referring to Fig. 4A/ the casting process can 




introduce large auniiounts of insulative or high resistan 




inclusions or voids if ah appropriated casting method is 



not selected. Fig. 4a; shows a cross ; sectional view of 
a simple, no- flow casting process 4 00 : that, in 

10 accordance with the invention/*; should be avoide 

Undesirable casting method 400 is shown for purpose of 
explaining why other processes are more desirable in 
accordance with the invention . ■ ; . - , 

In Fig . 4A, a . crucible 410 isi provided v coupled to 

15 . a heat source 420. . Crucible .410 is typically made of a. 

ceramic such, as graphite . Solid input material (e . g.v:, 
purif ied aluminum) is . placed inside ;:the crucible . Heat 
is applied f rom ; the heat::sourQe;;4 

melt 430 of the input material. The top surf ace of the 
20 melt 430 is: exposed to an atmosphere 440 containing one 

or more of hydrogen (H2) , oxygen (O2) # water vapor (H2O) 
and other gases (e.g. # N2 . CO2) or other vapors. 

Because of the high temperatures involved the top 
surface of the melt 43 0 , reacts with the atmosphere 440 
25 : to produce an oxide skin 445 at the interface between / 

the melt 430 and the atmosphere 44 0 . , The oxide skin 44 5 
is relatively thin compared to the volume of the melt 
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V 4 30 ■ As suqh> ;^^one would not expect to " find great 
incorporation of the oxide material into th^ melt 430.\ 
However; convective flow currents 435 may be established 
within the meltv These currents 435 may work to suck 'in 
5 ^ already-produced oxides from the skin 445 toward ^the 
center of the melt and to expose fresh melt material to 
.A the oxidizing atmosphere 440/ As such signific;iht 

quantities of oxides (significant for our purposes) can 
be incorporated into the melt 430 during this simple, 
lb one-shot, no- flow; casting method 400. \ 

" ^ Al so/ due t:d weir and tear^ over time , additional 
' material 415 such as graphite particles can flake of f 

from the inteirior walls of the crucible tor 
i ncorjxjrat ion within the melt 430 . ■ These flakes 415 can 
IS produce carbides or other ihsulative inclusion 

'/ ' _ the 'melt. , ' 'V- ' /' ;,V ; ' * •-r'---^ 

Also, because liquified metals such iiquid aium^^^ 
tend to absorb hydrogen ) ;. rather easily y^he 

iBuch gases can be absorbed from the atmosphere 44 0 and 
20 diissblvod into the melt 430 in significant' quantities . 

The came gases (e.gV, hydrogen) may not be as s6luble in 
the metal as the metal later cools/ vmen large vats of 
molten metal are cooled/ the earlier absorbed gases 
(c .g . . hydrogen) can become trapped in the form of gas ' 
25 prccijntates or bubbles ^/ These are I^ter seen; as/vbids 

in the solid mass of the cast metal. 
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Referring to Fig. 4B, it is seen that after pouring 
and coolingV the cast metal 450 (evg . , cast Al) can 
contain large amounts of oxide inclusions 450a, trapped 
hydrogen bubbles 450b and other anomalies 450c (e .g 
5 crucible _ flakes ) that were ^ introduced during '•'•the/ 

illustrated casting process ^ 400 . and when such 

anomal ies 4 5 Oa / 4 5 Ob , 4 50c become part of ; the bbt torn 
surf ace 120a of the target (Fig. 1) , they can induce 
arcing between the plasma 160 and the target 120, and 

10 the latter can result in the generation of undesirable 

blobs or splats within the PVD deposited metal 155 . 

In accordance with the invent ion/ alternative \ 
casting me thods should be used to. minimize- convective 
incorpora t ion o f gas es , . oxides and - icruc ibl e f lakes : in to I 

15 the melt / In general these alternate methods :rely on 

continuous flow . casting: rather: than, o 

cas t ing where in a \ mel t ; is al 1 owed; to ;d : convec t i ye 

currents . In general these alternate methods further- 
> rely on in -vacuum or plunger- covered processes rather 
20 ; : than those .that expose the melt to an atmosphere 4 40 

; containing inclusion-producing moieties such as oxygen - 
■ '-■■•: ^ ■ ' , and hydrogen . y:-" "■ "/■■' :[\\ ':/. - . : ■ ■"■ ' ' •' f'^ 

Included in these alternate , casting methods are 
the continuous 'flow methods used py Johnson Matt her 
• 25 Corp . ot Spokane ; Washington , the continuous flow 

methods used by Tosbh Corp. of Columbus, Ohio, and the 
in-vacuum flow casting methods used by Japan Energy 
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Corp. of Tsukuba, ■ Jap^ri. The cast metal pr^du 
these alternate methods tend to exhibits low ,.am^ 
inclusion content in accordance with the inv^ 

improvement step 323 of Fig. 3 indicates t^^^ 
5 ^r more of the following methods should be used in the 

casting step 303 : (1) minimize absorption of : H2 arid/pr 
other gases from atmosphere by using ^ in -vacuum ? or 
plunger- covered methods; (2) rediuce crucible 
introduction of flakes into the melt by periodically 
io scrapping loose material^ container wails 

or using other techniques . for preventing - flakin^^;^^ 
(3) use continuous -flow rather than in-place /casting 
methods so as to prevent cohvective incorpbration into 
the melt of oxidized skin material 445. 
15 Continuing with: Fig/ 3; after the casting pro 

the metal is typically worked by forging , rblling, 
deforming/- or other metal working ; tecririicjues as*^^ 
indicated :at stepV304 . The metal, working step^^ can* 
alter any one or more of the texture, hardness > ' alloy 
20 precipitate distributions, and other such attributes of 

the worked- on metal. 

In accordance with improvement step 324 of the 
invention, /the post-work metal texture should be at 
least 50% of the-<200> texture and less than 3% of the 
25 [lil] texture. As is known ip the art, <2d0> texture 

enhances uniformity of PVD deposition. 
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In further, accordance ,w of 
the ; invention, the post -work metal texture ^should also . 
have; / ;:a homogeneously-distributed ; i microhardh 
substantially more than 20 Rbck^ a 
5 homogeneously- d microhardness . of atvleast 40 1 

Rockwel l V y Hardness correlates:- uw .1 The 

homogeneously-disitributed microha 
accordance with the invention provides greater localized 
st rength and thus greater immunity ; to melting 'or other 
.0 V . d is lodging of target material .due to . ,arc ing • \ 

! : / ■ - In further accordance , with jimprpv:ement%:step 324 of 
\ the invention, the post -work metal texture - should also 
have a. homogeneously - distributed content 'of second - phase 
ha rdcning alloy precipitateis such - as of c the Al— CUySi^, 
L5 , formulation/ where x + y + z-100% y + z/; :and;^furthe 

. , V where the second-phasie ^ hardening, a precipitates 
, prima ri ly have widths^^^^i the ^ range of 1 micron to 10 
mic rons . Al^Cu^ is an example of such second -phase 
ha rdening , alloy /precipitates . ,./-;;r:- 
20 Of course , for such work - induced generation of 

second-phase hardening alloy precipitates, the melt 
material should alreiady include the appropriate alloy 
, cons 1 1 tuonts M s^ch as ; ; copper ko^; silicon ; 

deposit ipa: of i"^^^9PF>n^ in;:- integrated 

2S i .Xci rcuits-,; /the - select ion r^^^^ should 
; al GO conf otTn , tO; . thev 1 imitations of - the ^^ :m^ etch 
: processos used after - PVD. ; In. fgeheraV/ V£o^ : currently 
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used metal etching p^ocesse content should 

; - be equaL to less than ; about 0 . 5% by / we^ 

sil icon equal -to aess than about * 1% by we ig^^ 

In further accordance with improvement step 324 of 
5 the invent iion^ j:he post- ^hould alsp^ havW a^ 

v homogeneously -distribu small metal^ grairi^ 

" primarily having widths less than about 100 midrbnsf. 

" ; ' Machining step 305 is Carried out conventionally to 

define the shape of the target, : 
10 -For the following surface t^^^ 

; in^royement;;is;'tQ - smooth ' the target > s ihi tial surf ade^ to 
a. roughness that is! no more tha:n, and preferably less;" 
^-:^y-'\''y.. than 20 micro inches. Polishing to a greiater smoothneW 
helps to reduce the number of sharp surf ace} :featureC 
15 that might act as field emiission points and ^helps to 

■ keep: the electric -field intensity smooth/ : Atcihg: may 
begin at the tips of f ield emission points v that emit 
^■■'■"■.■'."."-■'electrons..-- ' ■ .'^ '-^ - ' ^""^ 

Surf ace polishing" is followed by ;^ 
20 " shipping step 307 . The iin^rovement step 

- the use of ultrasonic cleaning for removing dielectric 
contcuninants from the polished surface. it is bei levied; 
that dielectric surface contcuninants can define initial 
arcing spots . ■ Initial arcing can occur when Jthe -target 
2 5 'dis^ first r installed'- into - the "sputtering chamber ^nd 

burned'-ih. Such initial arcing can result in long-term 
damage to the^ target's otherwise smooth surface. The 
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resultant roughness can produce further arcing a 
■ ' undesired splats after burn- in completeis • 

After the ultrasonic cleaning/ the target should be 
packaged in a hydrophobic, non- outgassing package 

cond i t i pns should be continued as the target is 
ins tallecJ into the sputtering chan±)er/ - TheV^r^ 
: such ciean-iroom style handling of the? target is to again.; 
prevent contamination of the target ' s initial surface 
■ 10 ^ : with arc- inducing ' substances . ■/ \ " :/\ y . _ 

Step 308 refers bo t h t o t he i n i t i a 1 bu r n -in of the 
: target and its subsequent long-term use. During burn- 

• in, the plasma is used to remove any remaining 

; contaminants from the target surf ace 

15 pass through the sputter- chajT^ 

rapid burn -in wherein the full operational power level 
(e.g. , 10 Kw) is immediately applied, tp: the target • It 
is believed: that / suchc • xapid J f^v b can; 
disadvantageously stress the target mechanically and 
20 produce weak spots and consequential splat generation. 

In accordance with improvement 32 8/ electromechanical 
stresses to the target which result from rapid plasma 
ignition are avoided as much as possible. Target burn - 
in should be taken in slow increments such as first 
: 25 ^ applying only one Kw or less to the ; target for an 
, initial burn- in/ then apply ing 3 Kw f or a second burn- xn 
period/ then 5 KW and finally , the production level 
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power which in this example is 10.6 Kw. ; During burn- iri/ 
sample wafers are run through the Sfrntteririg ehambe^ 'and 
the ref lectants of the sputtered- on aluminum ^fi 1ms is 
measured. The optical rief lectants of th^ alijmihum.if i^ni 
5 improves as the burn- in process-: removes ^surface 

; contaminants from the target .Burn ^ in is deemed to be 
complete when the ref lectants value stabilizes a^^ abolit 
[ 200% of the ref lectahts value of the cbrresporiding 
sil.icpn.\\_' ;-. ' -'"V'^/"''^V-.:^ v'^T' 

10 The same improvement 328 is further €ipplried during 

production spilt teirihg each time the plasma is ignited;; 
Rather than having rapici ignition of the pilas^ no 
power to the: full production level; power (e.g./* 
10-6 ■ Kw) , it is preferable to slowly r^mp y^^^ the 
15 ignition power at, say, 2 Kw per second, : and ind^ 

preferably at 0.5 Kw/sec to 1 . 0 Kw/sec or Tless while 
chamber pressure is modulated. Power ramp dbwn can be 
at a more accelerated rate of say 3 kw per ^second 
less and chamber pressure should be kept low during this 
20 time tp exhaust loose particles . The slowsppwer 

and ramp downs tend to reduce the 
electromechanical stress applied to the target over unit 
time; This is believed to reduce the number of weak 
spots produced in the target as a result of mechanical 
25 stre:ssing. Additionally, slow rampi downs tend to reduce 

end-of -process re-adhesion of material to the target. 
Re -adhered material can increase surface roughnesfs or 
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create splat -generating points J i In 
, accordance with ;the invention therefore, plasma powering 
} means 125 (Fig." ly includes means for ramping power up 

to the plasma at a rate of 2 Kw per 
5 ramping down power to ^^^^^t^ plasma fat a rate o£ 3 Kw pet 

. ■ secxDhd ;or.. less ^ l' --'-'c : ' v 

Fig. .5 is a plot showing splat generation density 
over the life jof aytarget produced in accordance with 
the invention. This particular target had the fbllowin^^ 
10 characteristics : there were essentially no, dielectric 

inclusions such v as metal oxides ; (Al203 ) Vnitride • 
precipitates/ carbide precipitates; of s 

about 1 micron in concentrations greater than 5,000 such 
inclusions per gram of target material; there were 

15 essentially no voids such as those caused by entrapped 

gas of sizes larger than about 1 miero in 
concentrations greater than 5,000 such .voids^^^^^^p^ 
target material; an essentially -homogeneous distribution 
of metal grain size in the range of about 75 micron and 

20 90 micron was provided; an initial surface roughness of 

less than about 20 microinches was provided. 

The average number of splats per wafer (^w^ 
splat is defined as kn abnormality greater than 1 micron 
in diameter) .was measured over lots of 45 . wafers each 

25 with samples being taken every 2 00 Kw hours of usage of 

the target . Each wafer was .200 mm in dicimeter. The 
peak power level during sputtering was 10.6 Kw produced 
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at 2 mTorr pressure with "a target -to- wafer spacing of 
52 nun. The goal was to produce less than fiv^ splats 
per wafer on average. As seen in Fig. 6, the average 
splat density remained at less than two splats per wafer 
5 for the first 600 KwHrs of target life and climbed to- 

approximately three splats per wafer average after 
approximately 800 KwHrs of ta!rget life. ■ \ 

In contrast to Fig, 6,/ conventional production 
targets which were not formulated in accordance with the 

10 tight process controls of the present invention tended 

to produce 10 or more splats per wafer on average . The 
tefst results of Fig. 6 show that tight control of tairget 
mahufacture significantly reduces the average number of 
splats per wafer. T 

15 Testing of targets V for conformance with the above 

criteria may be carried oiit^ as follows. Inclusion 
content of the target may be measured using a wet 
chemical dissolution technique. In one such method 
polyethylene beakers are thoroughly cleaned before use . 

20 Acids a;nd reagent water .are filtered through 0 .45 micron 

diauneter, membrane filters before use. Sainple aluminum 
targets are rough cut by saw to sample sizes such as 1 
gram each, then finished to 240^ grit on * polishing 
wheels. The samples are then precleaned by dipping in 

25 a separate bath of 30% HCl for a short time . (e .g . ,\ 5 

seconds) just before full dissolution, in order to 
remove any traces from the grinding. The samples are 
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thereafter dissolved to their ^ful^^^ in a clean 








aqueous solution having 30% ilCl^-at .rpom temperature or 




i ■ 




higher • 100 mL is used in the case of 1 gram samples , 








and 500 mL is used for 10-30 gram sajnples.^ S 








collected put of the ^^^^^H^ micrbn gridded ^ 




'■' ' : ''' 


10 


diame t(sr f liters f or J opt ical^ m^^ , 
V ; and on 0 , 22 micron lungridded 47} mm^^^^d 

chemical analys iis . ■[ Copper is dis sol ved off using a 10% 
HNO3 wash on the f liters .Al 1 these operations should 
be carried out in a HEPAV f iltered.; 1 ami na r f 1 0 w hood . 





The washed filters are then allowed t^^ dry in a class 
10 0 clean ; room , before: mi c r o s c op i c examination • The 
inclusion s ize ; di stribution may . be de t e rmi ned using 



. ■ manual light microsGopy techniques such as / ; AS™ F24 and -j 
15 F25 . Oblique : lightings should be used 

contamination during the analysis . ^ - ..\ 

. Gas /void content and size dis tribut ion ; in aluminum 
', , targe t ; samples may C be LECO; . 

analysis (Liquid Emission Collemetry ) . Metal hardness , 
20 grain size , and other working - induced charae t e r i s t i cs 

may be determined us ing convent ional metal 
characterization techniques . Targets from appropriately ■ . .^^-^^ v 
V ;■; sampled lots that meet the criteria set forth above . may v; 

\ ;,then b e d e s i g na t ed ; as conf orming in accordance with 
25 \ / accepted . s ta t is tical techniques . • ; Targets from 
appropriately sampled lots that do not meet one or more 
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of the criteria set forth above should be excluded jfro^ 
' * PVD metal operations where splat, f 02rmation is a cpneer^^ 
The above "disblbsure is to be taken as illus^traitl^ 
' of the invention, not as limiting its .scope- 6r spirit ; 
5^ : Numerous^^^^: ^ m^ and " variations will ^ beboinW 

apparent to -those skilleid' in the art^f ter studying vtKe 
y . / above disclosure;..' , ' " " ■■■■V^!' 

By way of example/ the production of tconfb 
targets and conforming use thereof may include purcha:^e , 
id , from a third party source of targets that have alreaciy 
passed through ' any one or more of say , steps 301 - 3^5 . 
(plus corresponding improvements 321- 324 ) v fbilowed^^^^^^b^^ 
the carrying out of the J remaining steps , Nuch as; say / 
306-308 (plus corresponding improvements 7 326-3281 
15 Sampling may be used to check statistical confb™ 

third party suppliers to the ispecifications called for 
by the respective improvement steps. ■ r^-^^'^y'^J.^' -1' : ^ 

Given the above disclosure of general :concep 
specific embodiments; the scope of prote sought is 

20 to be defined by the claims appended heretbV^ 
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What is claimed is 



[Note: Bracketed bold and italici zed cross - 
ref erencing--^text^is^provided 

claims as an aid for readability and for 
finding corresponding (but not limiting) 
support in the specif icatioh- The bracketed 
text is hot intended' to add any 1 imitation 
whatsoever to the claims and should b^ deleted 
in all legal interpretations of the claims and 
should also be deleted from the final 
published version of the claims . ] 



10 



15 



1 : A target [120] adapted to be received by a 
DC_mag he t f on PVD system wherein said target has a 
deposit ion -producing portion composed primarily of an 
electrically conduct^ , tb-be -deposited metal an^ 
depositioh-prbducing portion of the target is further 
■■^characterized. - by : -^v .-n :^ ' ^-'-'r^^-^i 

a homogeneous content of less than about 10 , 000 
conductivity anomalies per gram of the to-be - depos i t ed 
metal where each said conductivity anomaly in said group 
of about 10 ,000 or less conductivity anomalies per gram 
is a region having a width of at least 1 micron and 
whe re ^ each said conduc t i vi t y anomaly defines an 
insula tive or high resistivity region, high resistivity 
being at least 100 times, greater than a corresponding 
e I e c t r i c a 1 r e s i s t i V i t y of an anomaly- free'* jfeptesentative 
portion of the to- b<e- deposited metal\ 
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2. A target according \ to craim 1 wherein 
target is chara:cterized by: V : " ^ . ■ r : 

a homogenous content of less than about 5, 000 ^ 
conductivity anomalies per gram of Jthe to-be-deposited 
\ ^metal .. ',' - \ ■""^ ■ '.V-'-.v -.^^'r ■ -■ \ : " ^^ --'z":;: 

^ ^ ^ ^ 3 .; "A t according^ to Claim 2 wherein - 

each said conductivity anomaly^ i^ said group' bf : about 
5000 or less conductivity anomalies per gram is a region 
having a; width of at lisast .0: 3 micron. ^ 

4 . . A target [120] according to claim 3 wherein / 
each said conductivity anomalY in said group of abput 
500G or less conductivity anornalies per^^;^^ 4' region 

having a width of at least 0.1 micron. 

I* . A target :1 1^0] according to Claim 1 whereijv > 
said to-be-depbsited metal iacludes aluminum as a. major 

'■■■^■componcnt' . thereof , - " r - V-/'-' -' '^ 

6. A target (220] according to Claim 1 wherein 
said conductivity anomalies include inclusions of metal 

- /■ oxide ; ■ 

7. : A target [120] according to 'Claim^^ 6^^^ 

said conductivity anomalies include inclusions of 
alurr.inum oxide. 
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a ; A target [120] \accordiri^ to 
> anomalies include voids defined within 

or exposed on a to-be-deposited surf ace of the tb-be- 

■ ■ ^ 'depositefd;- metal'., ■• ''■■^ ■V\v^ ' 

19^ > A target 11120) according to Claim l wherein 
r : said deposition-prpducing^; ; P is ; 

"v; further r\characterized' "by ^.l:i'^^:^:■:^;^^^;^'v"^^ '^Vv'^^T-^'-.: --"'J 

a homogeneous hardness of about 50 Rockwell or 

S; :v;;:v:' 'greater .^.^ -v^■.-■'."'■^^'':.^■■'■■^''■l'■^^^^ h ' 

3 10 . A target [ 1201 according to Claim 1 wherein 

' - said deposition -producing f por^ of the * target > is 

further characterized by: ' .[.jrl. ' :'• 

a homogeneous metal grain size of - about lOO^^^^ 
S or less.V.. v-/;/-' .•■ 

r : . 11 • A target [120] according to Claim 1 wherein k 

said deposition-producing portion of the target is 

•'i;':v''rf urt her. /character i^ by'v* ■ ^-^^o v''-;-- '''"* '" 

ah initial surface roughness no more than about 20 
!:5\- . . : "microinches ;.v ^/ ■■^-^v.v-'^ 

12 , A target [120] accbrdihg to Claim 1 wherein 
said deposition - producing portion, of the target;: is 
further characterized by: 
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^ substantially homogeneous distribution of 
5 ; hardening, segbhd phase, alloy precipitates each' h^ 
a size of about 5 microns or le^s. , ' 

A method fo euiapted 
for installation in a bC^magnetron^^^^^P wherein 
r said target has a depos it ion -producing portion cbmpb 
primarily of ^n electrically conduct ive, to-be-deposited 
5 metal, said manufacturing method comprising the steps 

otz - " ' --V-^/V^"- 

(a) obtaining [3r^] a pur i f i ed form of said to-be - 
deposited metal having less th^ 10 ppm^ bfr^bxyg^h; 

(b) casting [323^ the purified metal using: a^; 
10 . continuous-flow casting method; ^nd v - ^ 

(c) working [354] the cast metal so as to produce an 
essentially homogeneous distribution of- metai g 
each of a diameter less than about 100 micron^ 



14 , A; target manufacturing method : acGbrding : to 
Claim 13 wherein said to-be-deposited metal includes 
aluminum as a major component thereof , 

15. A t.arget manufacturing method /aiccord^^ 
Claim 13 wherein said step (a) of obtaining a pdrifie^ 
form further includes: 

\(a.l) obtaining the purified form of said to-be- 
deposited metal with less than about 1 ppm hydrogeri.^ \. 
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- — ^ 7 : i target - manuf act to 

Glaim 15 

f orm further includes : . 
r • .^-^'-r-.Ta . 2 j obtaining the purified form of said to-be 

5 deposited^ metal with less than about 10 ppm nitrogen 

17 • A target manufacturing method according to 
Claim 15 wherein said step (a) of obtaining a purified 
: f orm. further includes i i 
; ; ; ; (a . 2 ) obta ining t he purif iedv f orm of said to - be - 
5 deposited metal with less than about 10 ppm c a r bo n . 

18 . A target manufacturing method according v to 
Claim 13 wherein said step (b) of casting further 
■ , ..■ • includes : • - ;•• r-;: •. ^ :■ ■ ■ \ ■ \ > v.'-'^^ - ■ ' V;; : . ■ ■ 

• A : : L (b. 1) ; using a casting method wherein a melt skin of 

the cast ^ is not exposed to an;- oxidizing atmosphere . 



•: :': ;19.. A.; target .manufacturing me thod according to 
Claim 13 wherein said - step (b) of casting further 
../•.V - ;, includes : y ' •.. , ■ \ -\ ; •. r-''':' ■ • y • 

, ; : : / (b^l) : using a cas a melt skin of 

5 V ; ; the V cast : is ^not ^ exposed . to ran /atmospheres ,cbritaini 

gases that dissolve iri the melt when the melt; is 1 icguid 
: /and; pre^cipitate oub define gas bubbles 

when the cast solidifies . 
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20. A target manufacturing method according t6 
Claim 13 wherein said sbep"^. (b) of castih^V f urthei^^ 
includes: ' . V . . 

(b.l) using a casting container with a periodically^^^^ 
5 scraped interior so that caisting container material does 
not flake during casting to become incorporated in the 

\' ■ ■■•'.melt:, \ . :\ -r' . : '.' y 

21 . A target manufacturing method according to 
V , Claim 13 wherein said step (c) of working produces an 

: essentially hompgeneous distribution of metal grains 
each of . a diameter in the range of about 75 microns: to^^^^^ 
'■■:;'S'y: /■90' -microns , -. " ' ^. -i;; <^ -//^ ' ' ■■, 

22. A target manufacturing method acx:0r^^ 
Claim 13 wherein said step (c) of workings 

: produces r 

(c-i) an essentially homogeneous distrib^^ 
10 second phase precipitates ; of diameters in the range of 
about 1 micron to 10 microns. 

23. A target manufacturing method according to 
Claim 22 wherein said step (c) of wprkirig further 

V- -Ppo^d^ces 'J'''' -^y 

- (c . 2) morie. than . about 50% material having , { 200 } 
5 texture. ^ 
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^ \ .24 V A; I target manufacturing ; method according to 
Claim 13 further comprising the step of : 
(d) - smoothing t32^] a 



deposit ion -producing portion of the i^^target to an average 
5 roughness of no more than r^^^^ i 

25 A target manufacturing method according to 
Claim 24 wherein said step (d) of smoothing produces in 

the' -d^ 

^ (d. 1) an initial target surf ace haying a roughness 

5 of ho more than about 16 microinches. 

^ ; 26 . " : A^^v t^ manufacturing! method:; according :^ to 

Claim 24 further comprising the steps of : 
V ; (e) ul t raspnical ly cleaning ( 327] the smoothed 
target surf ace to remove; arc- inducing contaminants from 
5 the initial target surf ace; and 
:'■/": '■ ^ ^: ( f ) shipping the cleaned target in an inert gas 
- '^^packv^^' '-' ''^^ ■ ■'/''■■'^■V.", ; ' ' ' "'^-/ V ' 

'27 . A ta rge t mahuf ac tu r^^^ me t hod according to 
■> - Claim 2 6 f u r t h e r comp r i s i ng the step ' of '^V 
V (g) burning in -''[325] ithe ' ship^ied ; ta:rget^^ 

j \ " incrementally incre^ levels of ' plasma powier . 



BNSCXxrit- vvv. 



VC/lbOAt IA> 



WO 99/27150 . ' F^/US98h2771 

■ • • . ' ■ . ' ' ■ ' • -'^--.^-V- ' 

28. A method for operating a DC^^magnetrph PVD 
system [loo] adapted to receive a target for installati^^^ 
therein, wherein said target has a deposit ion -producing 
portion composed primarily of an eledtricaliy 
5 conductive, to -be -deposited metal, said operating method 
comprising the steps of : , : 

(a) installing a target obtained in accordance with 
a certification program wherein said certification 
program qualifies the target as having two or more or^^ 
10 the following characteristics : 

(a.l) less than about 10/000 dielectric inclusions 
per gram of target material wherein said lim^^^ 
inclusions have widths : of 0 .3 micron or more; 

(a. 2) a hydrogen content of less than about 
15 0.5 ppm; " ■ ; ^ 

(a. 3) a carbon content of less than about 10 ppm; 
, (a.4) an oxygen content of less than about 10 ppm^^ 
(a. 5) a nitrogen content .;df less than a±^ 
(a.6) an essentially homogeneous distribution of 
20 metal grains each of a diameter less thain about 100 
microns; 

(a, 7) an essentially homogeneous distribution of 
second phase precipitates of diameters in the range of 
about i micron to 10 microns; 
25 (a-8) at least 50% material having {200}. texturing; 

(a. 9) a homogeneous microha:rdness of atMeast 5.0 
Rockwell; and 
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^^^^^^ : on the 

/ deposition- producing portion; , of ; less. than 20 
■^"^30: ' microinches ; '/and ■ ^ ^ 

(b) ramping up [jis] pla.sma^;p an average 

rate of no more than 2Kw per ^^cond . t 



y 29 V A - method for 9 
^ system accbrdirtg to Claim 28 further cbmpr is step ; 

/ f u 1 1> ) > ramping down plasma jiower a an ; average rat e 

-■■.^■■'■^ . X'/^v',' :i:-/i.,':|of ';;no-.; mbrer'-;thah'v3 Kvr;';pe?;^;,seGond ..r^v.^ 

V >f ; 3 0 A DC_magnetron PVD systemxv[ lOo] haying a splat 

V ; limited VtaLrgetv v installe 

has a deposition portion composed primaf 

a n: el e c t r i ca 1 ly j conduct ive ;nto>=be- deposi t edume t a l:;,: ■ and 
;5-://-- ;^ sa idv:: ^y targe t/i" / . has./- ; t:Wo;,^::v. 'or/^ :, . .more/'/r-b f / t'he:/ f <Dl:lowing :. 
; -^,v.v;.;Cha:racteristic&;^::;';i^^ ; ifiyy \;^yrr-'i'::y\:^^ '''■:'.'y --^ V-Z^X/C";; ■ 

(a .1) less than about 5000 dielectric inclusions 
per gram of target material ^^herein said /limited 
inclusions have widths of 0.3 micron or more; 
10 J ; (a . 2 )/..•;. a hy d r og en c on t e n t ; o f less than about 

;;,;■■■/■;;-.■;■. 0 .:5- ^ppm;.,,;- / ■/ ;;i^'V>; •VX' /'^^^ ■^/^'■■'^X-C^^ ''yA:'r'''-:'j^ /■ ^'"///; 

-y^y. (a. 3 ) . 3 carbon cbnteht of ;rless ^than /about ; 10 ■ ppm; 

* (a ) :an :oxygen cbnteht of ^1 10 ppm; 

(a. 5) a nitrogen bbntent of less than about 10 ppm; 
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(a . 6) an essentially homogeneous distribution of 
metal grains each of a diameter less than about^ . r^^ 

■microns;. ^ ^ ' "■ ' -'-'^ ■ .'V 

(a. 7) an essentially homogeneous distribution p 
second phase precipitateis of diameters in the :rarige .of 
about 1 micron to 10 it\icrons; ; V^^^^^^;^^ :^ 

(a.8) at least 50% material having {200} texturin^r; 
(a; 9) a homogeneous microhardness of at least S^^ 

^ Rockwell i and 

(a .10) an initial surf ace roughness :\bn^ ^% 
deposition-producing portion of ' less than 20;? 
microinches; and further wherein said system includes 
(b) power control means [125] J for ramping[^^ u^ 

' power at an average rate of ho more; th^ 
' • ■ 'per. ^ second-, - . -^ r'^--' • 



31. A pCj:nagrietroh PVP system [ippl accbrdi^g^^^ 
Claim 30 wherein said splat- limited target includes 
aluminum as a major component thereof • ''; ; 



32. A qualifying method for qualifying samples 
from lots of similarly manufactured targets adapted for 
use in a DC_magnetron pvb system, said method cpmp^^ 
the steps of -testing the ^sajnpies : f or saitisf action of ^ ^ t^ 
or more of the following characteristics: v 
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; (a, 1) less than about ^ 10 /OOO dielectric inclusions 

per gram of target 'mat eirialV^ 

i n cl u s ions have widths o f 0.3 micron or more ; 

10 (a . 2) a hy d r og e n c on t e n t o f less than about 



: ( a , 3 ) a carbon content of ; less than about 1 0 ppm; 
^ ^ ^ (a; 4 ) an oxygen content of less than about 10 ppm; 
: : V ( a . 5 j a ni t rogen • content of less than a±)OU t 10 ppm; 

15 r (a . 6 ) an e s s e n t i a 1 1 y homog eneou s d i s t r ibu t ion of 

metal grains each of a diameter less than about 100 
■~ ■ .' m ; : • V.: • , ■ . ■:\:\:u.-c \, ; . \i \ i :/ vV. ^ ^-i:-', r '/''^ ' 

(a . 7) an essentially homogeneous distributi^^ 
second phase precipitates' of diameters in the range of 
20 •. ' about , 1 micron to 10 microns ; ■':^/y;:'jf''^'- ^-^v- •;. . ^ • :^--V':- - • 
(a .8) at least 50% material having {200 } texturing; 
(a , 9) a homog e ne ou s m i c r oha r d ne s s o f a t least 50 

' ■•. ■ Rockwell ; and > \ . . .;V;■■•^:•r-■^■' ^- '• ^ ;:.'* v 

- (a .10) an initial surf ace roughness on the 

25 deposition-producing portion of less than ; 20 

■ ': •• • ■ . microinches . •• ;,■ -^v-^.- ■ ' v-'" " i"' :' -"-^ ^ 
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FIG. 1 

SUBSTmlTE SHEET (RULE 26) 
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RARIC PROCESS 



301 



ACQUIRE RAW 
MATERIALS 



302 



I 



EXTRACT ALUMINUM 
BY PURIFYING RAW 
MATERIALS : 
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MELT AND CAST 
IN CRUCIBLE , 



I 



MECHANICAL 
DEFORMATION 
(FORGEmOLL) 



305 



I 



MACHINING 
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SURFACE 
TREATMENT 
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PACKAGING/ 
SHIPPING 
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I IGNITE PLASMA 
^ & MAINTAIN PVD 
PROCESS 
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IMPROVEMENTS 



MINIMIZE INITIAL 
IMPURITIES, ESP. 
O. H. N. C, Si; 



321 



SELECT PURIFICATION 
PROCESS FOR MINIMAL 
INCLUSION OF AI263 PR 

OTHER ANOMALIES 



322 



,1) MINIMIZE H2 ABSORB ; ; 

2) REDUCE CRUCIBLE INTRO OF 
C. N, O FLAKES INTO MELT : 

3) MIN CONVECTIVE INCORP OF 
MELTS OXIDE SKIN 



323 




INCREASE STRENGTH/HARDNESS:^ 

1) SMALL GRAIN SIZE (< 100/2) \ t 

2) SOLID SOLUTION ADDENDS 
INDUCE 2ND PHASE , 5 
PERCIPITATES (l-tOyu) '.C 

3) >50% OF [200] TEXTURE . v 
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SMOOTH INITIAL TARGET^ 
SURFACE TO AVG 
ROUGHNESS OF <2b/2 INCH 
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1) ULTRASONIC SURFACE 

- ■•■.CLEAN \:;'-'v,;.-^; 

2) INERT GAS PACK . 
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REDUCE ELECTRO- - ' ' 
MECHANICAL STRESS FROM 
RAPID PLASMA IGNITION . 
(<2KW/SEC RAMF*) 
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